Amphibacillus marinus sp. nov., a member of the genus Amphibacillus isolated from marine mud 
after 4 weeks incubation in Horikoshi medium (Horikoshi, 1999) (glucose 10.0 g, yeast extract 5.0 g, polypeptone 5.0 g, KH 2 PO 4 1.0 g, MgSO 4 0.2 g, Na 2 CO 3 10.0 g, NaCl 50.0 g, distilled water 1000 ml, natural pH value) at 28 u C. The isolate was maintained on Horikoshi or DSMZ medium 529 slants at 4 u C and as suspensions of clones in glycerol (25 %, v/v) at 270 u C. Biomass for chemical and molecular studies was obtained by cultivation in shaking flasks (200 r.p.m.) with DSMZ medium 529 broth at 28 u C for 3 days.
Genomic DNA extraction, PCR amplification and 16S rRNA gene sequencing of isolate J1
T were carried out according to the procedures described by Kim et al. (1998) . The initial taxonomic classification of the 16S rRNA sequence was carried out by using the IDENTIFY program of the online sever of the EzTaxon-e (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012) . Sequences longer than 1300 nt or without ambiguous nucleotides of the most closely related strains were downloaded from the DDBJ/ EMBL/GenBank database. Multiple alignments with all the cited 16S rRNA sequences and calculations of levels of sequence similarity were carried out using CLUSTAL W (Thompson et al., 1994) . The phylogenetic tree was constructed using three methods, including the neighbour-joining (NJ) tree (Saitou & Nei, 1987) using the software package MEGA version 4.0 (Tamura et al., 2007) ; the maximum-parsimony (MP) tree using the software package PHYLIP version 3.6 (Felsenstein, 2002) ; the maximum-likelihood (ML) tree using the online version of PhyML (Guindon et al., 2010) . The topology of the phylogenetic trees was evaluated by the bootstrap resampling method with 1000 replicates (Felsenstein, 1985) . The phylogenetic tree shown in Fig. 1 indicated that strain J1 T belonged to the genus Amphibacillus. Genomic DNA for the determination of the G+C content was prepared according to the method of Marmur (1961) and was determined by the thermal denaturation (Tm) method (Mandel & Marmur, 1968) with Escherichia coli K-12 (CGMCC 1.748) as the reference strain using a LAMBDA 35 UV/Vis spectrophotometer (PerkinElmer) fitted with a thermal controller.
The highest degree of 16S rRNA gene sequence similarity of strain J1
T (1490 nt) was found with A. cookii (97.0 %) and A. sediminis (96.9 %), followed by A. jilinensis (96.7 %). Phylogenetic analysis based on 16S rRNA sequence analysis revealed that strain J1
T formed a cluster with the three most closely related species A. cookii, A. jilinensis and A. sediminis (Fig. 1 ). MP and ML trees (not shown) were similar to the NJ tree. All the trees supported the hypothesis that isolate J1 T belonged to the genus Amphibacillus. The DNA G+C content of strain J1 T was 36.7 %. (Sasser, 1990) Collins et al. (1980) . Halolactibacillus alkaliphilus CGMCC AS 1.6843
T (Cao et al., 2008) , Halolactibacillus miurensis DSM 17074
T and Halolactibacillus halophilus JCM 21694 T (Ishikawa et al., 2005) were also used as reference strains in polar lipids analysis. The analysis of cell-wall peptidoglycan was modified from the methods of Schleifer & Kandler (1972) and Hasegawa et al. (1983) . Generally, about two loops of strains were put in an ampoule tube and then 0.2 ml 6 M HCl was added. The tube was sealed by alcohol torch and incubated at 120 u C for about 4 h until the colour of the hydrolysate turned to dark brown. After cooling, 5 ml hydrolysate was directly spotted on a thin cellulose plate (microcrystalline powder, Merck). A 1 ml volume of standard solution containing DD-, meso-and LLdiaminopimelic acid was spotted on the same plate. The plate was spread twice with the solvent solution (methanol : pyridine : acetic acid : water510 : 1 : 0.25 : 5, v/v) after air-drying the TLC plates, 0.4 % ninhydrin solution was sprayed on and heated at 110 u C for 2-3 min. Isoprenoid quinones were isolated and extracted according to the protocol of Minnikin et al. (1984) and separated by HPLC (Kroppenstedt, 1982) .
Strain J1 T contained iso-C 15 : 0 (29.6 %) and anteiso-C 15 : 0 (36.2 %) as the major cellular fatty acid, which were characteristically different from other species in the genus Amphibacillus (Table 1) . Four polar lipids including diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), one medium-Rf-value unknown phospholipid (PL7) and one low-Rf value unknown phospholipid (PL4) were detected in strain J1
T and the other six species of the genus Amphibacillus analysed. Other unknown polar lipids detected in trace amount on the TLC plates were obviously different among these seven strains (Fig. S1 , available in IJSEM Online). The presence of the different types of the unknown polar lipids can clearly separate the genus Amphibacillus from the genus Halolactibacillus though cells of strains from the later genus also contained DPG and PG (Fig. S1 ). The genus Paraliobacillus contained phosphatidylmonomethylethanolamine and phosphatidylcholine as major polar lipids (Chen et al., 2009) , which was quite different from the genus Amphibacillus. The diagnostic cell wall diamino acid in the peptidoglycan layer of the isolate J1
T and the five reference strains was meso-diaminopimelic acid except strain A. xylanus, which possesses DDdiaminopimelic acid as well (Fig. S2 ). In congruence with the other species of the genus Amphibacillus, strain J1
T did not contain isoprenoid quinone. The lack of isoprenoid quinone could also indicate that strain J1 T does not belong to genus Paraliobacillus for which contained menaquinone-7 as the major isoprenoid quinone (Chen et al., 2009; Ishikawa et al., 2002) .
Gram staining of J1
T was carried out by the standard Gram reaction and was confirmed by using the non-staining method (Buck, 1982) . Cell morphology was examined using a light microscope (model BH2; Olympus) and a transmission electron microscope (JEM 1400). For transmission electron microscopy observation, cells were negatively stained with 1 % (w/v) phosphotungstic acid after air-drying. Motility was observed at 12 and 36 h with the light microscope. Anaerobic growth was tested in fluid tetrathionate medium. Colony morphology was observed on DSMZ medium 529 plates after incubation at 28 u C for 3 days. DSMZ medium 529 broth was used for testing the growth at various temperatures (4-57 u C), different pHs (6.0-11.0) and NaCl concentrations (0-24 %, w/v). Appropriate biological buffers were used for different pH values: Na 2 HPO 4 /NaH 2 PO 4 buffer, glycine/NaOH buffer and Na 2 HPO 4 /NaOH buffer for pH below 8.0, pH 8.0-11.0 and pH above 11.0, respectively. Catalase and oxidase activities, hydrolysis of casein, gelatin, Tween-20, 40 and 80, nitrate reduction and H 2 S production were determined as reported by Barrow & Feltham (1993) . Hydrolysis of starch was tested using starch agar with 95 % ethanol and Gram's iodine (Claus & Berkeley, 1986) . Metabolism of citrate was tested by using Simmons' citrate medium (Simmons, 1926) . Sole-carbon-source-utilization tests were performed by using a minimal medium [(NH 4 ) 2 SO 4 2.0 g, NaH 2 PO 4 0.5 g, K 2 HPO 4 0.5 g, MgSO 4 0.2 g, CaCl 2 0.1 g, distilled water 1000 ml]. The corresponding filtrationsterilized sugar (1 %, w/v), alcohol and glycerol (0.1 %, w/ v), organic acid and amino acids (0.1 %, w/v), casein hydrolysate, yeast extract, tryptone and starch (each at 10 g l 21 ) were added to the minimal medium.
Isolate J1
T formed circular, convex and semi-opaque white colonies on DSMZ medium 529 plates after 3 days cultivation at 28 u C. Good growth occurred at 7-55 u C (optimum, 28 u C), pH 7.5-10.0 (optimum 9.0). NaCl was not required for growth and could be tolerated at concentrations up to 12 % (w/v) NaCl (optimum, 5-11). Isolate J1
T was Grampositive, catalase-positive, oxidase-negative and weakly positive to Tween-40. Fresh J1
T cells were rod-shaped (0.2-0.5 mm wide and 1.0-4.0 mm long), motile with flagella (Fig.  S3) . Ellipsoidal endospores were observed after 3 days cultivation on ten-times-diluted DSMZ medium 529 broth (Fig. S4) . Formation of endospores indicated that strain J1 T did not belong to genus Halolactibacillus since being nonspore-forming is one of the obvious phenotypic characters of species of the genus Halolactibacillus. Results obtained from
Natronobacillus azotifigens 24KS-1 T (EU143681)

Amphibacillus tropicus Z-7792 T (AF418602)
Amphibacillus jilinensis Y1 T (FJ169626)
Amphibacillus cookii DSM 23721 T (HM057160)
Amphibacillus marinus J1 T (GU213062)
Amphibacillus sediminis Shu-P-Ggiii25-2 T (AB243866)
Amphibacillus fermentum Z-7984 T (AF418603)
Amphibacillus xylanus JCM 7361 T (D82065)
Amphibacillus indicireducens C40 T (AB665218)
Paraliobacillus ryukyuensis DSM 15140 T (AB087828)
Paraliobacillus quinghaiensis YIM-C158 T (EU135728)
Halolactibacillus alkaliphilus H-5 T (EF554593)
Halolactibacillus miurensis M23-1 T (AB196784)
Halolactibacillus halophilus M2-2 T (AB196783)
Gracilibacillus halotolerans NN T (AF036922)
Gracilibacillus dipsosauri DSM 11125 T (AB101591)
Gracilibacillus halophilus YIM-C55.5 T (EU135704)
Gracilibacillus orientalis XH-63 T (AM040716)
Thalassobacillus devorans G-19.1 T (AJ717299)
Halobacillus trueperi DSM 10404 T (AJ310149)
Bacillus subtilis subsp. subtilis DSM 10 T (AJ276351) Table 2 .
Thus, based on the phylogenetic analysis, chemotaxonomic properties and the profile of metabolic properties it is concluded that strain J1
T is a member of the genus Amphibacillus. However, the phylogenetic distances from known species of the genus Amphibacillus and unique phenotypic character indicated that strain J1
T was a novel species within the genus Amphibacillus, for which the name Amphibacillus marinus sp. nov. was proposed. Niimura et al. 1990 emend. An et al. 2007 emend. Hirota et al. 2012 Amphibacillus (Am.phi.ba.cil9lus. Gr. pref. amphi both sides or double; L. dim. n. bacillus a small rod; N.L. masc. n. Amphibacillus rod capable of both aerobic and anaerobic growth).
Emended description of the genus Amphibacillus
The description is based on that given by Niimura et al. (1990) , An et al. (2007) and Hirota et al. (2012) with the following additions. Cell wall contains meso-diaminopimelic acid or contains both meso-diaminopimelic and DDdiaminopimelic acid. Characteristic cellular polar lipids are diphosphatidylglycerol, phosphatidylglycerol and some other unknown polar lipids. The type species of the genus is Amphibacillus xylanus.
Description of Amphibacillus marinus sp. nov.
Amphibacillus marinus (ma.ri9nus. L. masc. adj. marinus of the sea, marine).
Cells are rod-shaped, approximately 0.2-0.5 mm wide and 1.0-4.0 mm long, facultative aerobic, Gram-positive and motile by means of several flagella. Ellipsoidal endospores are produced within a swollen sporangium and situated terminally. Colonies grown on DSMZ medium 529 plate are circular, convex and semi-opaque white. The optimal temperature is 28 u C; growth occurs at 7-55 u C. Optimal pH for growth is 9.0 with growth occurring at the pH range of 7.5-10.0. NaCl is not required for growth and can be tolerated at concentrations of up to 12 % NaCl (w/v). Catalase is positive and oxidase is negative. H 2 S and indole are not produced. Nitrate is not reduced. Urease and gelatinase activities and utilization of citrate are negative. Starch and casein cannot be hydrolysed. The following substrates can be used as the sole carbon sources: D-fructose, trehalose, a-lactose, L-rhamnose, maltose, cellobiose, Dxylose, D-galactose, D-arabinose, methanol, D-sorbitol, Dmannitol, glycerol, inositol, starch and casein hydrolysate. Cell walls contain peptidoglycans of the meso-diaminopimelic acid type. Isoprenoid quinones are not detected but little pigment can be observed. The major cellular fatty acids of strain J1
T are iso-C 15 : 0 and anteiso-C 15 : 0 and major cellular polar lipids are diphosphatidylglycerol and 
*Data for all the strains are based on the Microbial Identification System. Summed feature 1 consists of C 18 : 1 v9c and summed feature 3 consists of C 16 : 1 v7c/C 16 : 1 v6c.
phosphatidylglycerol. The genomic DNA G+C content of the type strain is 36.7 mol%.
The type strain, J1 T (5CGMCC 1.10434 T 5JCM 17099 T ), was isolated from deep-sea mud from the South China Sea. 
